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ARTICLE INFO  ABSTRACT 
 

Introduction: Although the World Health Organization (WHO) has appointed vaccination as one 
of the main prophylactic measures against infectious diseases, there is still a considerable number 
of deaths every year from vaccine-preventable diseases. These mortality data can be explained by 
several factors related to the effectiveness of these immunobiologicals, such as the genetics of 
each individual and the environment in which they live. Therefore, this work aims to point out 
some of these factors and discuss about them. Methodology: This is a literature review carried 
out in the following databases: Google Scholar, PubMed and WHO bulletins. Results and 
Discussions: Studies show that aspects such as genetics, sex, age and immune system diseases 
can interfere with the performance of immunizers, as they alter the expected response of the 
organism against vaccine antigens. In addition, the environment proved to be a strong influencing 
factor for the response against immunizing agents, being responsible for positive and negative 
variations in the humoral response. Malnutrition, obesity, diabetes, hypertension and 
psychological stress are among the factors with a negative impact on the biological production of 
antibodies after vaccination. Conclusion: Therefore, the data presented here make clear the 
interference of several factors for a satisfactory response to immunizers, explaining the still high 
rate of deaths from infectious diseases in patients already vaccinated. 
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INTRODUCTION 
 
The World Health Organization (WHO) points out vaccination as one 
of the main prophylactic measures against infectious diseases, which 
for centuries was considered the main causes of death in the world 
(WHO, 2020). According to the organization's data, 26% of the 
causes of death in 2019 were due to infectious diseases, a still 
significant number, but significantly lower if compared to previous 
decades (WHO, 2021). Two centuries after the use of the first 
vaccine, this approach remains extremely effective (Greenwood, 
2014). With the development of new technologies in health and the 
elucidation of a large part of the mechanisms that allow biological 
protection through immunization, vaccines have evolved since then, 
being produced through various techniques, which include 
immunizers containing live attenuated or dead microorganisms, 
subunit vaccines (isolated antigens) and DNA/RNA vaccines. The 
common denominator among all of them remains the same: to 
generate an effective, safe and long-lasting specific immune response  

 
 
(Bastola et al., 2017). The current COVID-19 pandemic, responsible 
for millions of deaths in just over a year, highlighted the importance 
of vaccination. Due to advances in scientific research and the 
dedication of numerous researchers, in just one year after the WHO 
declaration of a pandemic status, at least five vaccines were 
developed to immunize the population, with variable, but satisfactory 
and significant efficacy rate with regard to the control of transmission 
and aggravation of infections (Rawat et al., 2020). Despite the evident 
success of mass vaccination campaigns, a considerable number of 
deaths still occur each year from vaccine-preventable diseases. 
Several factors related to the individual can influence the 
effectiveness of immunizers. One of the challenges inherent in the 
development of efficient vaccines is the heterogeneity of the general 
population, which includes not only genetic factors, but also 
environmental and behavioral factors (Zimmermann and Curtis, 
2019). A well-documented example is the variation in the response to 
the tuberculosis vaccine, BCG (Bacillus Calmette-Guérin), which can 
be influenced by the latitude of the region where the population 
resides. The significant variation from 0% to 80% in the effectiveness 
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of the immunizing agent mentioned above is predominantly due to the 
geography of the immunization place, as shown in clinical studies, in 
which United Kingdom (UK) residents developed superior biological 
protection compared to Malawi residents, a country located in the east 
of the African continent (Kollmann, 2013). Many other conditions are 
capable of interfering with a satisfactory immune response to 
immunization. The aim of this review is to point out the main factors 
influencing the effectiveness of vaccines, in addition to identifying 
the most vulnerable groups, and thus evaluating the factors that can 
be adjusted. Understanding the population's heterogeneous immune 
response to immunizers is of great importance, as it can contribute to 
the development of new technologies for the production of more 
effective vaccines. 
 

METHODOLOGY 
 
This study is a literature review carried out through analysis of data 
and articles on the main factors that influence the effectiveness of 
vaccines and the development of immunological memory. The 
articles and data analyzed are published and available in databases, 
accessed through digital platforms such as Google Scholar, PubMed 
and World Healht Organization (WHO). The inclusion criteria for the 
selected articles were the year of publication and relevance of the 
topic. For this, articles published between 2011 and 2021, and WHO 
newsletters were used for the bibliographic survey. The descriptors 
used in the research were: efficacy, vaccines, immune response, 
factors and influence. Among the exclusion criteria, the date of 
publication of the articles stands out, with articles with publications 
prior to 2011 not being considered for the synthesis of the review. 
 

RESULTS AND DISCUSSION 
 
Individual Factors: The genetic diversity of individuals is a 
determining factor for inducing different immune responses and 
resistance to pathogens. Genetic polymorphism is the target of several 
studies that aim to understand the heterogeneous responses of the 
population to vaccines (Goldber andRizzo, 2015). The major 
histocompatibility complex (MHC) is formed by molecules with high 
genetic variability, since they are unique to each individual and 
perform, among other functions, the recognition of their own and 
non-self molecules, generating biological tolerance, that is, the 
immune system acquires the ability to not be activated by the host's 
own cells. The genes that encode these proteins are inserted in the 
system called human leukocyte antigen (HLA), often associated with 
genetic polymorphisms responsible for variations in the immune 
response of each individual (Goldber and Rizzo, 2015). Several 
studies have shown that variations in the class II MHC molecules are 
related to significant alterations in the production of antibodies in 
relation to the presented antigen. Single nucleotide polymorphisms 
(SNP) in HLA genes were associated with ineffective response to 
Hepatitis B vaccine, as shown in figure 1(Yucesoy et al., 2013). In a 
cohort study with 1052 individuals, researchers identified the 
presence of SNPs in regions of the HLA complex as responsible for 
an expressive variation in the levels of neutralizing antibodies after 
immunization against rubella (Lambert et al., 2015). Another cohort 
study evaluated the association between genetic polymorphism in 
genes related to follicular helper T cells and the ineffective response 
to vaccine against hepatitis B virus. The research revealed that the 
presence of SNPs in the genes CXCR5 and CXCL13 were related to 
the efficacy of vaccine and non-responsiveness to it (Duan et al., 
2014). In addition to genetic polymorphism, other factors related to 
genetic variability may be responsible for the heterogeneous 
responses. Genetic ancestry defined as genetic race can have a 
significant impact on immunization. A survey of 2,872 individuals, 
including children, adolescents and young adults found that genetic 
ancestry influences the humoral and cellular immune response 
induced by the measles vaccine. The researchers found that 
AfricanAmerican individuals had a more expressive cellular immune 
response, as well as higher levels of neutralizing antibodies against 
measles when compared to Caucasians (Voigt et al., 2016). 

 
Immunological senescence is a major influencing factor for the 
satisfactory response of an organism to vaccines. With advancing age, 
the immune system tends to work slower, taking longer to produce 
antibodies compared to younger individuals. In addition, these 
antibodies exhibit lesser neutralizing and opsonization capacity, 
greater self-reactivity and less specificity, especially with regard to 
primary immunization. In a clinical trial of primary immunization 
carried out with two groups, one with young adults aged between 20 
and 40 years, and the other with elderly people aged over 60 years. 
Both groups received vaccine against hepatitis B. After the first dose, 
the elderly group showed a slow production of antibodies and in 
smaller amounts when compared to the young group, having reached 
equivalent numbers in antibody titers only after the third dose of the 
vaccine (Weinberger et. al. 2018). Interestingly, the elderly respond 
well to booster doses and have a satisfactory response to influenza 
vaccine, as shown in a survey of 205 elderly people who had 
seroconversion greater than 80% after influenza vaccination by the 
seasonal trivalent immunizer in the year 2013/14 (Narang et. al. 
2018). 
 
On the other hand, the vaccination schedule is intense in the first 
years of life due to the need to protect newborns and childrenthat are 
highly susceptible to infections. However, the presence of maternal 
antibodies can interfere with the response to vaccination. In a 
randomized clinical trial in Netherlands, the effect of vaccination 
against tetanus, diphtheria and pertussis in pregnant women and the 
antibodies levels in babies after delivery, were evaluated. The high 
concentration of antibodies against pertussis was observed in babies 
even after three months of life (Barug et al., 2019). This study 
demonstrates the need to adapt the vaccination schedule in Brazil. 
According to the national immunization program, the first dose of 
pertussis vaccine is administered at two months of age (PIN, 2021). 
Still in relation to the genetics of individuals, biological sex was also 
pointed out as an important variant to be considered in relation to the 
immunization process. Several studies have shown that women are 
more reactive to vaccination than men, with higher production of 
antibodies and also a higher incidence of adverse reactions. A survey 
with 5,291 college students conducted between 2004 and 2017 
evaluated the long-term response to the hepatitis B virus vaccine in 
men and women. The researchers identified an increase of 20% in 
serum antibody levels in female volunteers when compared to male 
ones (Trevisan et al., 2020). A challenging factor for any immunizer 
is the diverse genetic conditions that directly affect the action of the 
immune system. Primary immunodeficiencies, sickle cell disease 
(SCD), thalassemia, autoimmune diseases, among others, directly 
influence immunity and, therefore, the effectiveness of a vaccine in a 
given individual. Many of these conditions can remain undiagnosed 
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for a long time and inadvertently affect a patient's immunization. It 
was demonstrated through a study with 72 individuals with SCD and 
30 healthy individuals (control group) immunized with the tetravalent 
influenza vaccine, that participants with SCD had seroconversion 
rates, immune cell counts, mainly T and B lymphocytes and memory 
cells greatly reduced when compared to the control group, illustrating 
the need for personalized monitoring of this group with regard to 
immunization (Negant et al., 2019). 
 
Environmental Factors: Similar to genetic heterogeneity, the 
diversity of the environment that the individual is exposed to is 
crucial to the function of the immune system and consequently 
impacts the effectiveness of vaccines. During the first years of life, 
exposure to the outside world is essential for a satisfactory 
development of the immune system(MacGillivray and Kollmann, 
2014). Primarily, geographic location has an unexpected impact on 
vaccine effectiveness, and many factors are linked to this. The 
latitude is closely related to sun exposure and climate, both associated 
with variation in the effectiveness of some immunizers, such as the 
BCG vaccine, in which performs better in colder climates with higher 
latitudes (Kuan et al., 2020). An epidemiological study that evaluated 
the efficacy of the multivalent pneumococcal conjugate vaccine 
(PCV7), with data from day care centers in Portugal, Norway, France, 
Greece, Hungary and Hong Kong, pointed to a variation in the 
response of the vaccine in relation to theclimate, where PCV7 showed 
better performance in colder regions (Gjini, 2017). Exposure to 
sunlight must also be taken into account, as ultraviolet radiation is 
related to vitamin D synthesis. Although it is mainly linked to 
calcium regulation in bone tissues, vitamin D has also been associated 
with the proper functioning of the immune system, both innate and 
adaptive (Mailhot and White, 2020). Present in most cells of the 
immune system, the vitamin D receptor is related to the suppression 
of adaptive immunity, since it is able to switch between Th1 and Th2 
immune response patterns in helper T lymphocytes, triggering 
immunoregulatory responses (Goncalves-Mendes et al., 2019). A 
prospective cohort study of 447 adults evaluated the response to 
vaccination against hepatitis B in relation to the blood levels of 
vitamin D of those immunized. The research showed that participants 
with lower levels of vitamin D had a less satisfactory response 
compared to those with normal serum levels. In addition, researchers 
also noted that the vaccine exhibited more effective response when 
administered in the summer, when serum levels of vitamin D were 
higher in participants, compared to those immunized during the 
winter (Kashi, et. al., 2021). 
 
In parallel, a study with 173 men aged between 18 and 25 years 
evaluated the influence of serum levels of vitamin D and antibodies 
titers after HPV vaccination. In contrast to the result discussed above, 
this study showed that antibodies titers were higher for all strains of 
the virus among participants with lower levels of vitamin D 
(Zimmerman, et. al., 2015).Other studies have shown that vitamin D 
has a very varied role according to the type of immunizing agent 
used, highlighting the need for further studies to clarify this 
interaction (Goncalves-Mendes et al., 2019). Another factor related to 
the environment is the exposure to endemic or seasonal infections 
typical of the local ecosystem. It is a fact that pre-existing infection or 
antibodies produced by previous infections can affect the 
performance of a vaccine, especially with regard to vaccines 
containing live attenuated microorganisms (Mok and Chan, 2020). A 
phase II randomized clinical trial with 300 children in Bangladesh 
evaluated the pre-existing immunity as an influencing factor in the 
performance of a live attenuated influenza virus vaccine. The study 
showed that children without markers of pre-existing immunity had a 
better response to the immunizing agent used (Brickley et al., 2019). 
On the other hand, pre-existing immunity can positively affect the 
individual, depending on the pathogen of interest. A recent study with 
86 volunteers (59 of these seronegative for the virus and 27 
seropositive) evaluated the response to vaccination against SARS-
CoV-2 by the Sputnik V vaccine. All seronegative individuals 
developed a strong humoral (IgG) response after the second dose of 
the vaccine, while seropositive individuals showed an increase of 

40% in the serum antibody levels soon after the first dose (Claro et 
al., 2021). 
 
Behavioral Factors: Factors unrelated to genetics and the 
environment can also impact an individual's organism in different 
ways. The immune system is subject to the influence of habits that 
depend on behavior and daily practices of the patient, such as eating, 
which can lead to malnutrition, energy imbalance and other health 
complications; and psychosocial factors, such as the use and abuse of 
legal and illegal drugs, which act in the body through different 
mechanisms of action. The role of nutrition goes beyond just being a 
source of energy for the maintenance of the body's systems, it is 
through it that various components necessary for the proper 
functioning of the body are acquired, such as vitamins and minerals 
that play essential roles in maintaining homeostasis (Calder et al, 
2020). Nutritional status at the time of vaccinationmayinfluence the 
effective response to a vaccine. Malnutrition and poverty have been 
associated with a poor response to immunizations in children 
receiving oral vaccines. In developing countries, the performance of 
these immunizers is considerably lower when compared to developed 
countries, where rates of social problems are lower (Church et al., 
2018).A prospective observational study with 700 infants in a 
Bangladeshi slum evaluated the efficacy of oral polio and rotavirus 
vaccines. The researchers identified environmental enteropathy 
(subclinical inflammation accompanied by malabsorption and 
recurrent bowel dysfunction in poverty-stricken regions) in 80% of 
the participating volunteers, and 28% were also malnourished. The 
study showed that 20.2% did not respond to the polio vaccine and 
68.5% did not respond to the rotavirus vaccine (Naylor et al., 2015). 
Micronutrient deficiency also significantly interferes with the immune 
system, as discussed above about the influence of the Vitamin D. 
Vitamin A is related to the function of several cells of the immune 
system, and its deficiency has already been identified as harmful to 
the immunization process. A randomized clinical trial with pregnant 
women assessed whether vitaminA supplementation in pregnant 
women could influence the effectiveness of the H1N1 vaccine in both 
mothers and infants. The study demonstrated an increase in the 
response to vaccination of mothers, without interfering with the 
response in babies (Ahmad et al., 2018). Similarly, a blinded 
randomized placebo-controlled clinical trial in Bangladesh looked at 
the effect of vitamin B12 supplementation in pregnant women 
immunized against H1N1. Similar to the previous study, the 
researchers demonstrated that the vaccine response of mothers who 
received the supplement was superior to the placebo-treated group; in 
babies, vitamin B12 supplementation did not change antibody levels, 
however, it reduced the inflammatory response (Siddiqua et al., 
2016). 
 
Another micronutrient of great relevance for the functions of the 
immune system is the iron, present throughout the body and 
imperative for several metabolic processes that guarantee 
homeostasis. Individuals with low serum iron concentrations have a 
low humoral immune response (antibody production) compared to 
those with normal levels. Furthermore, this mineral is of great 
importance for proliferation of B lymphocytes, which are the cells 
responsible for the production of immunoglobulins (Jiang et al., 
2019). In a cohort study with 303 infants in Kenya, researchers found 
that iron deficiency caused less effective immunization against 
whooping cough, diphtheria and pneumococcus. The same team 
assessed the impact of iron supplementation at the time of 
vaccination, and those who received the supplement exhibited higher 
production of antibodies against measles (Stoffel et al., 2020). 
Likewise, zinc is a mineral with great importance for immune 
functions, and its deficiency is related to cellular dysfunction in both 
innate and adaptive immunity. Despite this, the role of zinc in the 
immune response during immunization is still controversial. A study 
in Bangladesh evaluated the immune response to tetanus vaccine in 
individuals with low levels of vitamin D and zinc; the results 
indicated low serum levels of zinc as a positive factor for the response 
against the vaccine in question (Das et al., 2021). In parallel, another 
double-blind and placebo-controlled randomized clinical trial with 
620 infants in India found no significant increase in the immune 
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response of these infants immunized against rotavirus after zinc 
supplementation (Lazarus et al., 2018). Just as malnutrition can lead 
to immunological alterations and dysfunctions, the energy imbalance 
caused by high caloric intake has its impact on the homeostasis of the 
immune system. Obesity, mainly caused by the accumulation of fat, is 
associated with a state of low-grade chronic inflammation in the 
body, causing tissue dysfunction, secretion of pro-inflammatory 
mediators and alterations in lymphocyte functions. When associated 
with metabolic syndrome (MS) and insulin resistance, it causes a state 
of immune dysregulation, with deficiency mainly in the adaptive 
immune response and consequently in the functions of lymphocytes, 
resulting in low antigen presentation and reduced activation of B 
lymphocytes for plasma cells, which are producers and secreters of 
immunoglobulins (Andersen et al., 2016). The increase in body mass 
index (BMI) is directly related to the lower success of vaccination 
against hepatitis B, mainly due to chronic inflammation associated 
with high concentrations of pro-inflammatory cytokines and B 
lymphocyte dysfunction in these patients (Liu et al., 2017). 
Overweight is also observed as a determining factor for the 
development of influenza, even after vaccination, as shown in a 
prospective observational study with the inactivated trivalent 
influenza vaccine with 1022 adult volunteers. After vaccination, the 
obese study population was twice as likely to develop flu or a similar 
illness compared to volunteers with normal BMI (Neidich et al., 
2017). Although hyperglycemia, present in diabetes mellitus (DM), 
provides greater susceptibility to the development and aggravation of 
infections, the relationship between high blood glucose 
concentrations and the effectiveness of vaccines is still poorly 
understood. Occasionally, DM is considered responsible for the 
superficial dullness in the response to the vaccine against hepatitis B, 
however, the mechanisms still need to be clarified (Verstraeten et al., 
2020). A recent observational cohort study with 509 patients 
diagnosed with COVID-19 showed that DM did not affect the 
production of antibodies against the virus, although the condition has 
been identified as a determining factor for an unfavorable outcome of 
the disease(Lampasona et al., 2020). A summary of the effect of 
obesity, hypertension and diabetes on the biological processes of 
immunization can be seen in Figure 2. 

 
 
Integrating the scope of comorbidities associated with obesity, 
hypertension and cardiovascular diseases are related to an 
unsatisfactory response to vaccination. A survey of 86 patients 
immunized against COVID-19 with the Pfizer/BioNTech vaccines 
showed that obese and hypertensive patients exhibited lower serum 
antibody levels when compared to healthy patients. The same study 
also pointed out smoking and dyslipidemia as factors causing a 
decline in plasma levels of immunoglobulins (Watanabe et al, 2021).  
Still, in relation to mental health, emotional stress has also been 
pointed out as an important factor with regard to the development of 

effective immune responses in immunization processes. Cortisol, 
released during emotional stress, has an immunosuppressive effect 
and can affect several pathways of the immune response, causing, for 
example, a reduction in the activity of T lymphocytes and 
consequently affecting the activation of B lymphocytes, which are 
cells with a decisive role in the response against vaccines (Hayward et 
al., 2020). In addition, melancholy and suffering have also been 
linked to poor immune response against various types of vaccine; in 
addition, the melancholy state itself can indirectly cause other 
problems, such as eating disorders, leading to immunodepression and 
increasing the body's susceptibility to the action of microorganisms 
(Madison et al., 2021). A double-blind randomized controlled trial 
with 306 participants evaluated the cortisol stress response in children 
vaccinated with Bacillus Calmette-Guérin (BCG), tetanus toxoid, 
hepatitis B virus and oral poliovirus vaccines. This study 
demonstrated that elevated cortisol was associated with lower 
circulating T-cell counts and lower responsiveness to the delayed-
type hypersensitivity skin for BCG, corroborating with the results of 
the aforementioned study, which points to cortisol as an agent 
suppressor of the immune response against vaccines and infections. 
These data show the need for mental health care and its influence on 
the body's homeostasis and defense (Huda et al., 2019). 
 

CONCLUSION 
 
The data here presented make clear the interference of several factors 
for a satisfactory immunization, which may explain the still high rate 
of deaths from vaccine-preventable diseases. Individually, genetics, 
sex, genetic ancestry, age and some diseases can interfere with the 
effectiveness of an immunizing agent, in addition to aspects related to 
the environment in which the individual lives, with climatic 
conditions and even exposure to sunlight capable of causing 
variations in the body's immune response. In addition, lifestyle proved 
to be very influential, with socioeconomic, behavioral and even 
psychological factors capable of blunting the immune system's 
performance in immunization. Therefore, since vaccines are still the 
main prophylactic measure against infectious diseases in the world, 
understanding all the processes involved in the biological response 
against these immunizers is extremely important, since several of 
these factors can be adjusted, improving the effectiveness. 
 

REFERENCES 
 
Ahmad SM, Alam MJ, Khanam A, Rashid M, Islam S, Kabir Y, 

Raqib R,  Steinhoff MC (2018). Vitamin A Supplementation 
during Pregnancy Enhances Pandemic H1N1 Vaccine Response 
in Mothers, but Enhancement of Transplacental Antibody 
Transfer May Depend on When Mothers Are Vaccinated during 
Pregnancy. J Nutr. 148: 1968-1975. 

Andersen CJ, Murphy KE, Fernandez ML (2016). Impact of Obesity 
and Metabolic Syndrome on Immunity. Adv Nutr. 15: 66-75.  

Barug D, Pronk I, van Houten MA, Versteegh FGA, Knol MJ, van de 
Kassteele J, Berbers GAM, Sanders EAM, Rots NY (2019). 
Maternal pertussis vaccination and its effects on the immune 
response of infants aged up to 12 months in the Netherlands: an 
open-label, parallel, randomised controlled trial. Lancet Infect 
Dis. 19: 392-401.  

Bastola R, Noh G, Keum T, Bashyal S, Seo JE, Choi J, Oh Y, Cho Y, 
Lee S (2017). Vaccine adjuvants: smart components to boost the 
immune system. Arch Pharm Res. 40: 1238-1248.  

Brickley EB, Wright PF, Khalenkov A, Neuzil KM, Ortiz JR, 
Rudenko L, Levine MZ, Katz JM, Brooks WA (2018). The 
Effect of Preexisting Immunity on Virus Detection and Immune 
Responses in a Phase II, Randomized Trial of a Russian-
Backbone, Live, Attenuated Influenza Vaccine in Bangladeshi 
Children. Clinical Infectious Diseases. 69: 786-794. 

Calder PC, Carr AC, Gombart AF, Eggersdorfer M (2020). Optimal 
Nutritional Status for a Well-Functioning Immune System Is an 
Important Factor to Protect against Viral Infections. Nutrients. 
12: 1181.  

52091                                       Fernanda Farias Costa et al., Vaccination challenges: factors that influence the effectiveness of vaccines 
 



Church JA, Parker EP, Kosek MN, Kang G, Grassly NC, Kelly P, 
Prendergast AJ (2018). Exploring the relationship between 
environmental enteric dysfunction and oral vaccine responses. 
Future Microbiol. 13: 1055–1070.  

Claro F, Silva D, Rodriguez M, Rangel HR, de Waard JH (2021). 
Immunoglobulin G antibody response to the Sputnik V vaccine: 
previous SARS-CoV-2 seropositive individuals may need just 
one vaccine dose. Int J Infect Dis. 111: 261-266.  

Das R, Jobayer Chisti M, Ahshanul Haque M, Ashraful Alam M, Das 
S, Mahfuz M, Mondal D, Ahmed T (2021). Evaluating 
association of vaccine response to low serum zinc and vitamin D 
levels in children of a birth cohort study in Dhaka. Vaccine. 39: 
59-67.  

Duan Z, Chen X, Liang Z, Zeng Y, Zhu F, Long L, McCrae MA, 
Zhuang H, Shen T, Lu F (2014). Genetic polymorphisms of 
CXCR5 and CXCL13 are associated with non-responsiveness to 
the hepatitis B vaccine. Vaccine.32: 5316-22.  

Gjini E (2017). . Geographic variation in pneumococcal vaccine 
efficacy estimated from dynamic modeling of epidemiological 
data post-PCV7. Scientific reports. 7: 1-16. 

Goldberg AC e Rizzo LV (2015). Luiz Vicente. Estrutura do MHC e 
função – apresentação de antígenos. Parte 1. Einstein (São 
Paulo).  13: 153-156. 

Goncalves-Mendes N, Talvas J, Dualé C, Guttmann A, Corbin V, 
Marceau G, Sapin V, Brachet P, Evrard B, Laurichesse H, 
Vasson MP (2019). Impact of Vitamin D Supplementation on 
Influenza Vaccine Response and Immune Functions in Deficient 
Elderly Persons: A Randomized Placebo-Controlled Trial. Front 
Immunol. 10: 65.  

Greenwood B (2014). The contribution of vaccination to global 
health: past, present and future. Philos Trans R Soc Lond B Biol 
Sci. 369: 20130433.  

Hayward SE, Dowd JB, Fletcher H, Nellums LB, Wurie F, Boccia D 
(2019). A systematic review of the impact of psychosocial 
factors on immunity: Implications for enhancing BCG response 
against tuberculosis. SSM Popul Health. 10: 100522.  

Huda MN, Ahmad SM, Alam MJ, Khanam A, Afsar M, Wagatsuma 
Y, Raqib R, Stephensen CB, Laugero KD (2019). Infant cortisol 
stress-response is associated with thymic function and vaccine 
response. Stress. 22: 36–43.  

Jiang Y, Li C, Wu Q, An P, Huang L, Wang J, Chen C, Chen X, 
Zhang F, Ma L, Liu S, He H, Xie S, Sun Y, Liu H, Zhan Y, Tao 
Y, Liu Z, Sun X, Hu Y, Wang Q, Ye D, Zhang J, Zou S, Wang 
Y, Wei G, Liu Y, Shi Y,  Chin YE, Hao Y, Wang F, Zhang -
Show X (2019). Iron-dependent histone 3 lysine 9 demethylation 
controls B cell proliferation and humoral immune responses. Nat 
Commun. 10: 2935. 

Kashi DS, Oliver SJ, Wentz LM, Roberts R, Carswell AT, Tang JCY, 
Jackson S, Izard RM, Allan D, Rhodes LE, Fraser WD, Greeves 
JP, Walsh NP (2021). Vitamin D and the hepatitis B vaccine 
response: a prospective cohort study and a randomized, placebo-
controlled oral vitamin D3 and simulated sunlight 
supplementation trial in healthy adults. Eur J Nutr. 60: 475-491.  

Kollmann TR (2013). Variation between Populations in the Innate 
Immune Response to Vaccine Adjuvants. Front Immunol. 4: 81.  

Kuan R, Muskat K, Peters B, Lindestam Arlehamn CS (2020). Is 
mapping the BCG vaccine-induced immune responses the key to 
improving the efficacy against tuberculosis? J Intern Med. 288: 
651-660.  

Lambert ND, Haralambieva IH, Kennedy RB, Ovsyannikova IG, 
Pankratz VS, Poland GA (2015). Polymorphisms in HLA-DPB1 
are associated with differences in rubella virus-specific humoral 
immunity after vaccination. J Infect Dis. 211: 898-905.  

Lampasona V, Secchi M, Scavini M, Bazzigaluppi E, Brigatti C, 
Marzinotto I, Davalli A, Caretto A, Laurenzi A, Martinenghi S, 
Molinari C, Vitali G, Di Filippo L, Mercalli A, Melzi R, Tresoldi 
C, Rovere-Querini P, Landoni G, Ciceri F, Bosi E, Piemonti L 
(2020). Antibody response to multiple antigens of SARS-CoV-2 
in patients with diabetes: an observational cohort study. 
Diabetologia. 63: 2548-2558. 

Lazarus RP, John J, Shanmugasundaram E, Rajan AK, Thiagarajan S, 
Giri S, Babji S, Sarkar R, Kaliappan PS, Venugopal S, Praharaj 

I, Raman U, Paranjpe M, Grassly NC, Parker EPK, Parashar UD, 
Tate JE, Fleming JA, Steele AD, Muliyil J, Abraham AM, Kang 
G (2018). The effect of probiotics and zinc supplementation on 
the immune response to oral rotavirus vaccine: A randomized, 
factorial design, placebo-controlled study among Indian infants. 
Vaccine. 36: 273-279.  

Liu F, Guo Z, Dong C (2017). Influences of obesity on the 
immunogenicity of Hepatitis B vaccine. Hum Vaccin 
Immunother. 13: 1014-1017.  

MacGillivray DM, Kollmann TR (2014). The role of environmental 
factors in modulating immune responses in early life. Front 
Immunol. 5: 434.  

Madison AA, Shrout MR, Renna ME, Kiecolt-Glaser JK (2021). 
Psychological and Behavioral Predictors of Vaccine Efficacy: 
Considerations for COVID-19. Perspect Psychol Sci. 16: 191-
203.  

Mailhot G, White JH (2020). Vitamin D and Immunity in Infants and 
Children. Nutrients. 12: 1233.  

Mok DZL, Chan KR (2020). The Effects of Pre-Existing Antibodies 
on Live-Attenuated Viral Vaccines. Viruses. 12: 520. 

Nagant C, Barbezange C, Dedeken L, Besse-Hammer T, Thomas I, 
Mahadeb B, Efira A, Ferster A, Corazza F (2019). Alteration of 
humoral, cellular and cytokine immune response to inactivated 
influenza vaccine in patients with Sickle Cell Disease. PLoS 
One. 14: e0223991. 

Narang V, Lu Y, Tan C, Camous XFN, Nyunt SZ, Carre C, Mok 
EWH, Wong G, Maurer-Stroh S, Abel B, Burdin N, Poidinger 
M, Tambyah PA, Bosco N, Visan L, Ng TP, Larbi A (2018). 
Influenza Vaccine-Induced Antibody Responses Are Not 
Impaired by Frailty in the Community-Dwelling Elderly With 
Natural Influenza Exposure. Front Immunol. 9: 2465.  

Naylor C, Lu M, Haque R, Mondal D, Buonomo E, Nayak U, 
Mychaleckyj JC, Kirkpatrick B, Colgate R, Carmolli M, Dickson 
D, van der Klis F, Weldon W, Steven Oberste M; PROVIDE 
study teams, Ma JZ, Petri WA Jr (2015). Environmental 
Enteropathy, Oral Vaccine Failure and Growth Faltering in 
Infants in Bangladesh. EBioMedicine. 2: 1759-66.  

Neidich SD, Green WD, Rebeles J, Karlsson EA, Schultz-Cherry S, 
Noah TL, Chakladar S, Hudgens MG, Weir SS, Beck MA 
(2017). Increased risk of influenza among vaccinated adults who 
are obese. Int J Obes (Lond). 41: 1324–1330. 

Rawat K, Kumari P, Saha L (2020). COVID-19 vaccine: A recent 
update in pipeline vaccines, their design and development 
strategies. Eur J Pharmacol. 5;892:173751. 

Siddiqua TJ, Ahmad SM, Ahsan KB, Rashid M, Roy A, Rahman SM, 
Shahab-Ferdows S, Hampel D, Ahmed T, Allen LH, Raqib R 
(2016_. Vitamin B12 supplementation during pregnancy and 
postpartum improves B12 status of both mothers and infants but 
vaccine response in mothers only: a randomized clinical trial in 
Bangladesh. Eur J Nutr. 55: 281-93. 

Stoffel NU, Uyoga MA, Mutuku FM, Frost JN, Mwasi E, Paganini D, 
van der Klis FRM, Malhotra IJ, LaBeaud AD, Ricci C, Karanja 
S, Drakesmith H, King CH, Zimmermann MB (2020). Iron 
Deficiency Anemia at Time of Vaccination Predicts Decreased 
Vaccine Response and Iron Supplementation at Time of 
Vaccination Increases Humoral Vaccine Response: A Birth 
Cohort Study and a Randomized Trial Follow-Up Study in 
Kenyan Infants. Front Immunol. 11: 1313.  

Trevisan A, Giuliani A, Scapellato ML, Anticoli S, Carsetti R, 
Zaffina S, Brugaletta R, Vonesch N, Tomao P, Ruggieri A 
(2020). Sex Disparity in Response to Hepatitis B Vaccine 
Related to the Age of Vaccination. Int J Environ Res Public 
Health. 17: 327.  

Verstraeten T, Fletcher MA, Suaya JA, Jackson S, Hall-Murray CK, 
Scott DA, Schmöle-Thoma B, Isturiz RE, Gessner BD (2020). 
Diabetes mellitus as a vaccine-effect modifier: a review. Expert 
Rev Vaccines. 19: 445-453.  

Voigt EA, Ovsyannikova IG, Haralambieva IH, Kennedy RB, 
Larrabee BR, Schaid DJ, Poland GA (2016). Genetically defined 
race, but not sex, is associated with higher humoral and cellular 
immune responses to measles vaccination. Vaccine.  34: 4913-
4919.  

52092                                    International Journal of Development Research, Vol. 11, Issue, 11, pp. 52083-52087, November, 2021 

 



Watanabe M, Balena A, Tuccinardi D, Tozzi R, Risi R, Masi D, 
Caputi A, Rossetti R, Spoltore ME, Filippi V, Gangitano E, 
Manfrini S, Mariani S, Lubrano C, Lenzi A, Mastroianni C, 
Gnessi L (2021). Central obesity, smoking habit, and 
hypertension are associated with lower antibody titres in 
response to COVID-19 mRNA vaccine. Diabetes Metab Res 
Rev. 6:e3465.  

Weinberger B, Haks MC, de Paus RA, Ottenhoff THM, Bauer T, 
Grubeck-Loebenstein B (2018). Impaired Immune Response to 
Primary but Not to Booster Vaccination Against Hepatitis B in 
Older Adults. Front Immunol. 9: 1035.  

World Health Organization. The top 10 causes of death. WHO 
newsroom, 2020. Disponível em: https://www.who.int/news-
room/fact-sheets/detail/the-top-10-causes-of-death. Acesso em 
agosto de 2021. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

World Health Organization. Vaccines and immunization: What ias 
vaccination?WHO newsroon, 2020. Disponível em: 
https://www.who.int/news-room/q-a-detail/vaccines-and-
immunization-what-is-vaccination? adgroupsurvey= 
{adgroupsurvey}&gclid=Cj0KCQiA1pyCBhCtARIsAHaY_5cy
y5ZdB4omnfvNHInUBKyuFNCIiXH7wUHjPVNUE_TWfN-
7zfz-HVQaAoypEALw_wcB. Acesso em agosto de 2021. 

Yucesoy B, Talzhanov Y, Johnson VJ, Wilson NW, Biagini RE, 
Wang W, Frye B, Weissman DN, Germolec DR, Luster 
MI,Barmada MM (2013). Genetic variants within the MHC 
region are associated with immune responsiveness to childhood 
vaccinations. Vaccine. 31: 5381–5391.  

Zimmerman RK, Lin CJ, Raviotta JM, Nowalk MP (2015). Do 
vitamin D levels affect antibody titers produced in response to 
HPV vaccine? Hum Vaccin Immunother. 11: 2345-9.  

Zimmermann P, Curtis N (2019). Factors That Influence the Immune 
Response to Vaccination. Clin Microbiol Rev. 32: e00084-18. 

******* 

52093                                       Fernanda Farias Costa et al., Vaccination challenges: factors that influence the effectiveness of vaccines 
 


